SUMMARY: It is increasingly recognized that demersal communities are important for the functioning of continental shelf and slope ecosystems around the world, including tropical regions. Demersal communities are most prominent in areas of high detritus production and transport, and they link benthic and pelagic biological communities. To understand the structure and role of the demersal community on the southeastern Brazilian Bight, we constructed a trophodynamic model with 37 functional groups to represent the demersal community of the outer continental shelf and upper slope of this area, using the Ecopath with Ecosim 6 (EwE) approach and software. The model indicates high production and biomass of detritus and benthic invertebrates, and strong linkages of these components to demersal and pelagic sub-webs. The level of omnivory indexes in this ecosystem was high, forming a highly connected trophic web reminiscent of tropical land areas. Although high levels of ascendency may indicate resistance and resilience to disturbance, recent and present fisheries trends are probably degrading the biological community and related ecosystem services.
INTRODUCTION
Demersal communities are often very developed on continental shelves and slopes, especially in temperate zones. This occurs because of the abundance of detritus-based food resources from water-column and nearshore production cycles and coastal watersheds, and the consumption of this detritus by bacteria, inver-tebrates and vertebrates. Many of the dominant fishes inhabiting such areas are demersal, feeding largely on benthic invertebrates (e.g. Morato et al. 1999 , Martins et al. 2005 , Velasco and Castello 2005 , Carvalho and Soares 2006 , Bautista-Vega et al. 2008 . The abundance of these fish communities is reflected in their catches. In Brazil, demersal species (including fishes and invertebrates) represent about 35% of the total fishery landings (IBAMA 2008) . Because of the intense exploitation of these resources, many species are overexploited or at risk of collapse , Valentini and Pezzuto 2006 . In Brazil this situation is worsened by the lack of knowledge about these biological communities, particularly in deep sea areas, owing to only minimal investment in research and the lack of specific fisheries statistics.
Aiming to improve information about marine life in Brazil, in 1995 the project "Avaliação do potencial sustentável de recursos vivos na Zona Econômica Exclusiva do Brasil" (Assessment of the sustainable potential of living resources in the Brazilian Exclusive Economic Zone -REVIZEE) began to rectify the situation by making an inventory of the living resources along the Brazilian Exclusive Economic Zone (EEZ). This information can be used to estimate the biological composition and diversity of the various marine habitats in this area and, for instance, to estimate the abundance and biomass of various species in each habitat and understand their interdependence and vulnerabilities. This research foundation led to additional studies of diet composition, growth, population biology and ecosystem ecology (e.g. Muto et al. 2005 , Vaz-dos-Santos and RossiWongtschowski 2007 , Eleuterio 2008 . In the present study, information from these previous studies was used to construct a trophodynamic model of the Brazilian Bight's outer slope and upper continental shelf to refine our understanding of the system as a whole.
The Brazilian EEZ extends beyond the continental slope along most of its length, and the slope fishery is very recent, having begun during the late 1990s (Perez et al. 2001 (Perez et al. , 2002b . This fishery was highly encouraged by the government, leading to an unregulated fishery. The REVIZEE-Score Sul project consequently detected overexploitation of many species in its 2000-2004 analysis (Valentini and Pezzuto 2006) .
The present study is focused on the REVIZEE-Score Sul observations from the southeastern Brazilian Bight area, between Cabo Frio at 22°S and Cabo de Santa Marta Grande at 27°S. This is one of the most productive areas of the Brazilian sea, responsible for approximately 40% of Brazilian fish catches (IBAMA 2008) . This area is also a large embayment, and populations restricted to this area in Brazilian waters include the Argentine hake (Merluccius hubbsi) stock (Vaz-dos- Santos 2006, Vazdos-Santos and and the Brazilian-sardine (Sardinella brasiliensis) stock (Saccardo 1983) . This area is naturally-defined by its geography, oceanography and biology, and is thus suitable for modelling as a whole.
The main fishery resources in this area are demersal and benthic organisms such as fishes (teleosts and chondrichthyans) and invertebrates (molluscs and crustaceans). Some of the fish species such as Argentine hake (Merluccius hubbsi), Brazilian cod (Urophycis mystacea) and blackfin goosefish (Lophius gastrophysus) were previously discarded or used as bait, but now feature in the landings. Most of these species are now fully exploited or overexploited (Valentin and Pezzuto 2006) . Also, the REVIZEE-Score Sul studies showed some abundant species that were not exploited but were important in the diet composition of targeted species. The stomach contents of some of these species (Antigonia capros, a bentho-pelagic invertebrate feeder; Ariomma bondi and Ventrifossa macropogon, benthic invertebrates feeders; Synagrops spinosus and Synagrops bellus, benthic fish and crustacean feeders; and the commercial fishes Urophycis mystacea and Genypterus brasiliensis, which live and feed near the bottom) were sampled by MCN, GV, and ACZA (unpublished data) and by Nascimento (2006) . These diet studies indicate the importance of these species in linking the benthos with upper trophic levels, as many feed on benthos directly and are in some cases prey for top predators.
Although some trophic studies have been performed in this area, we felt that they had underemphasized the benthic community, which has a high biomass and may provide important ecological services. We therefore set out to investigate the ecological importance of the benthic community in this setting by articulating it in the model so that associated flows and dynamics could emerge from the present summaries and later dynamic analyses.
As mentioned above, exploitation of the demersal community of the outer continental shelf and upper slope of the southeastern Brazilian Bight began a decade ago, and it has reached high exploitation levels and is largely unrestricted. A main objective of this research is to understand how fisheries might affect this community, how global scale environmental change (i.e. climate change) may affect it, and how these effects may be combined. The present study is the first step in this research to construct a trophodynamic characterization of this highly developed demersal and bentho-pelagic community.
MATERIAL AND METHODS

Study area
The study area was the outer continental shelf and upper slope of the southeastern Brazilian Bight, located between Cabo Frio (22°S) and Cabo de Santa Marta Grande (27°S). A large-scale boundary current, the Brazil Current, flows poleward along and beyond the continental shelf break of the Brazilian Bight. This cur-rent, along with the alongshore and cyclonic curl of the wind stress over the Bight, forms a doming of the density structure and this all drives closed gyral circulation cells within the Bight. In addition, there is an intense coastward penetration of cool South Atlantic Central Water (SACW) over the continental shelf floor during the summer season. The SACW contrasts with the overlying warm, tropical surface water, resulting in a strong two-layer vertical stratification, a strong thermocline at depths of 10 to 15 m, and corresponding stability of the water column (Bakun 1996 , MMA 2006 , Rossi-Wongtschowski and Madureira 2006 Fig. 1) .
This site was extensively sampled during the REVIZEE-Score Sul project. The fish community was sampled by bottom trawl surveys in the isobaths 100, 150, 200, 300, 400, 500 and 600 m between the winter of 2001 and the autumn of 2002 . The invertebrate community was collected by conical traps (for crabs) between autumn 1996 and spring 1998 and by van Veen benthic samplers, box-corers and rectangular dredges between summer 1997 and autumn 1998 .
The modelling area of 81658 km 2 , based on Haimovici et al. 2008 , includes the outer continental shelf and upper slope between 100 and 600 m. The model represents the year 2001 when most fish samples were collected, although a large part of the invertebrate data were collected in the 1990s. The main fish species of this system were defined by Haimovici et al. 2008 , comprising about 80% of the total fish biomass of this system in 2001, and these made up the fish functional groups in the model. A number of fish species were therefore not included in this iteration of the model because of practical limitations of data and analytical time, but these can be included in future model iterations with additional efforts.
To build the trophic model we used Ecopath with Ecosim version 6, a modelling tool initially developed by Polovina (1984) and further developed since then (Christensen and Pauly 1992 , Walters et al. 1997 , Christensen and Walters 2004 . This program can be used to build a mass balanced model that provides a quantitative representation of the ecosystem in terms of trophic flows and biomasses for a defined time period (Velasco and Castello 2005 , Coll et al. 2007 . The ecosystem is represented by functional groups, which can be single species, groups of ecologically related species, or ontogenetic stages of a species. The key principle of Ecopath is mass balance i.e. the energy of one group is used by another or is recycled via detritus, a portion of which re-enters the system through detritivores and as nutrient that is consumed by primary producers . Two linear equations represent the energy balance within a group and the energy balance among groups.
where P i is the total production rate of i; Y i is the total fishery catch rate of i; B i is the biomass of the group; M2 i is the total predation rate for group i; E i is the net migration rate (emigration -immigration); BA i is the biomass accumulation rate for i; while M0 i =P i ×(1-EE) is the "other mortality" rate for i. EE i is the ecotrophic efficiency of i and is the proportion of production used in the system, e.g. by predators, in biomass accumulation, in migration or in export. Equation 1 can be re-expressed as:
where (P/B) i indicates the production of i per unit of biomass and is equivalent to total mortality, or Z, under static conditions (Allen 1971) ; (Q/B) i is the consumption of i per unit of biomass; DC ij indicates the proportion of prey i that is in the diet of predator j in terms of volume or weight units. Ecopath parameterizes the model by describing a system of linear equations for all the functional groups in the model (Christensen and Walters 2004, Christensen et al. 2008) . The second Ecopath equation is:
where Q i is the consumption rate of prey i per unit of biomass, P i is the production of prey i per unit of biomass, X i is the combined excretion and egestion rate of prey i, and R i is the respiration rate. To parameterize the model, three out of four basic parameters must be provided: biomass (B), production/biomass (P/B), consumption/biomass (Q/B), and ecotrophic efficiency (EE); the algorithm then estimates the fourth parameter so as to ensure mass balance. Diet composition, catch data, food assimilation, migration and biomass accumulation are also required inputs. Some of the necessary input parameters were calculated from our own field data (from REVIZEEScore Sul), based on the mean temperature of water at the most frequent depth where each species occur (annual mean temperature of each depth is based on CTD data from trawl surveys). The estimation of Q/B was based on Palomares and Pauly (1998) and P/B was based on Jorgensen (1979) ; in cases of unexploited populations we used Pauly's (1980) natural mortality equation to obtain the P/B value. Others were obtained from the literature. This information is summarized in Appendix 1.
The biological community of the outer continental shelf and upper slope of the southeastern Brazilian Bight was divided into 37 functional groups to build the model. Of these groups 12 were invertebrates, 21 were fishes, 2 were detritus (detritus and marine snow) and 1 was phytoplankton; this last group was included as an input for marine snow and in this case all excess production of phytoplankton was converted to marine snow. This effectively means that marine snow is made up of detritus in the system, so the phytoplankton source is used as a proxy for the more diverse sources and feedbacks of marine snow, including microbial loop dynamics. These groups were defined on the basis of habitat, body size, type of food, biology, ecology and physiology of the most abundant and economically important species. The main references for building these groups are Haimovici et al. (2008) , and Amaral and Rossi-Wongtschowski (2004) , who describe the fish demersal and benthos community respectively. The other references used are listed in Appendix 1. Gasalla et al. (2007) built a model of the area from Cabo Frio (RJ) to southern Brazil (Chuí -RS) between 100 and 1000 m depth. This initial trophodynamic modelling work in this region synthesized a large amount of knowledge about this system, particularly regarding demersal and pelagic species, which were the focus of that model. Although the model described in the present paper includes part of the area modelled by Gasalla et al. (2007) , we focused more on the demersal and benthic community, providing more detail about this community, recognizing the importance of benthic and demersal invertebrates for the structure, functions and flows of the broader biological community. The functional groups of the present southeastern Brazilian Bight model and the main species comprising them are listed in Table 1 .
The main commercial species are Lophius gastrophysus (blackfin goosefish); Urophicis mystacea (Brazilian cod); Trichiurus lepturus (cutlassfish); Helicolenus lahillei (blackbelly rosefish); Lopholatilus villarii (tile fish); Merluccius hubbsi (Argentine hake); Prionotus punctatus (searobin) and Pagrus pagrus (red porgy), here represented as a single-species functional group; and Paralichthys sp. (flounders) and Illex argentinus (squid), here represented as a multispecific functional group. The majority of catches were based on trawls and longline fisheries (Valentini and Pezzuto 2006) . Many of these species used to be discarded by the fleets fishing for shrimp, flounder and pelagic species, but in the last 20 years they have become commercial species. Currently, some of these species are overexploited (Rossi-Wongtschowski et al. 2006, Valentini and Pezzuto 2006) . Also crabs, shrimps, and squids support important fisheries in the area, being among the most important resources, and some species of shrimps and crabs are also at risk of overexploitation Pezzuto 2006, IBAMA 2008) .
Argentine hake is an important resource in terms of biomass and catch in the area. It is known that the diet of this species differs considerably between life stages, and it exhibits a high level of cannibalism (Angelescu and Prenski 1987 , Bezzi et al. 1994 . Therefore, to ensure consistency between ontogenetic groups (juveniles and adults), a multi-stanza representation (Christensen and Walters 2004) was used for modelling this group. Two groups were defined considering the diet composition and behaviour: Juveniles with lengths of less than 28 cm, and adults with lengths of more than 28 cm (Vaz-dos- Santos et al. 2009) . (P/B) and diet composition were provided for both groups from Bezzi et al. (1994) , Brown et al. (2004) and Sánches (2009) .
The fishing statistics we used for the model were based on the official statistic of the Ministry of the Environment (MMA). We specified a rate of fishery discards for all groups, normalized to represent 25% of the total catch, based on data from Haimovici (2007) , who found a range of 24% to 53% depending on gear and species. This applied estimate was thus conservative. The input data for each functional group are shown in Table 2 .
The diet matrix was based on diet composition studies. The non-fished species that represented individual functional groups, in addition to Brazilian cod and pink cusk-eel, were analysed by MCN, ACZA and GV (unpublished data). The diet information for other functional groups was based on data from the literature (Soares 1992 , Tubino 1999 , Martins et al. 2006 . The complete reference list is in Appendix 1. The original diet matrix is shown in Table 3 .
The model generated with the data was not balanced initially, 11 functional groups needed to be balanced: Argentine hake, searobin, Argentine croaker, Synagrops sp., squid, large demersal fishes, demersal fishes, benthic fishes, other predator invertebrates and omnivore invertebrates. The main problem in balancing this model was to coordinate ways to fix problems in the biomass of some groups, especially Argentine hake. This is a multistanza group that is highly fished, but only the adults are removed; the juveniles are dis- carded, and there is also cannibalism in the population. The rest of the groups were balanced but the P/Q values very high, requiring some adjustments, mainly to the P/B and P/Q values.
Argentine hake, bentho-pelagic fishes, Synagrops sp. large demersal fishes, demersal fishes and benthic fishes were the most difficult groups to balance. This difficulty was probably related to the number of connections that these species have, although the majority are not fished (excluding Argentine hake and the benthic fish groups). The input data of these groups was modified with the aim of balancing the model. The modifications were based on ecological and physiological criteria. Table 4 shows the adjusted input values and several outputs and Table 5 shows the modified diet matrix.The Ecopath algorithm also calculates some key Odum's attributes used to indicate system maturity (Christensen 1995) , and we present omnivory index, system omnivory index, connectance, and relative ascendency.
The omnivory index (OI) is calculated as the variance of the trophic level of a consumer's prey groups. A value of the OI close to zero means a specialized predator. A high value means that the consumer feeds on many trophic levels. The system OI is the average omnivory index of all consumers, weighted by the logarithm of the food intakes (Christensen 1995) .
The connectance of the system measures the structure of the food web; it is the ratio of the number of actual links to the number of possible links. Ascendency is a measure of the average mutual information in a system, scaled by system throughput, and is derived from information theory. The relative ascendency is the system ascendency over the system capacity.
Also, Ecopath calculates a ranking of a continuum of functional group keystoneness developed by Libralato et al. (2006) . Keystone species, in this case keystone functional groups, are those with high interaction strengths but low biomasses (Power et al. 1996 , Okey 2004 Libralato's (2006) keystoneness index calculated by Ecopath is:
where KS i is the keystoneness index; e i is the root of the sum of mixed trophic impact matrix value 2 (the mixed trophic impact matrix is the positive or negative impact by one group on another); and p i is the biomass of impacted group/total biomass (excluding detritus).
RESULTS
This food web is essentially based on detritus (Fig.  2) because it is a deep sea ecosystem, so primary pro- duction is indirectly important as a source of marine snow production. The biomass of benthic invertebrates is quite high and this resource is consumed by every functional group. Demersal fishes, in general, provide the most prominent connection between the recycling of detritus and the top predator groups. In the present model, these top predators are the large demersal species, including some commercial fishes, and the demersal sharks, although the top predators are also eaten by some pelagic species. These demersal fishes are centrally important in transferring energy from the bottom to the water column, but pelagic species in the overlying system are important couplers as well. In the present model the trophic relationship between demersal and pelagic species was specified as exported and imported biomass, and this was a key pathway for constructing the trophic web. Although these species are important for the transfer of energy from the bottom to the water column, benthic invertebrates are also consumed by all trophic levels, showing a high level of omnivory (Table 3) .
As benthic invertebrates occupy the lower levels of the food web, fish species are positioned higher in the web, and this is why the mean trophic level of catches is 3.5.
High scores for the OI are exhibited by tilefish (2.172), squid (1.725), cutlassfish (1.721), Argentine hake adult (1.470), bentho-pelagic fishes (1.102) and demersal sharks (1.049). Silver-rag driftfish, Brazilian cod, pink cusk-eel and Synagrops sp. also exhibited high OI values, but these were lower than 1. The total connectance of the system is 0.224 and the system OI is 0.422. This food web is comprised of organisms with highly diverse diet compositions.
The predation mortality of a group is the sum of the consumption of this group by the other groups, divided by their own biomass; the value ranges from 0 to 1. In the present model the value of predation mortality is high on omnivore invertebrates (11.88), zooplankton (9.53), infauna (8.73), squid (6.53), predator molluscs (3.93), other predatory invertebrates (3.6), predatory crustaceans (2.62), crab (2.57), polychaetes (2.41), shrimp (2.09), hake juveniles (2.24), other detritivory invertebrates (1.93), demersal fish (1.12), Synagrops sp. (1.07), silver-rag driftfish (1.04) and benthic fishes (0.93).
High EE values were found for many groups: cutlassfish, Argentine hake, large bentho-pelagic fishes, silver-rag driftfish, pink cusk-eel, Synagrops sp., Bra- Table 4 . -Input data modified to balance the model and the main output data. TL, Trophic level; Bf, final biomass (t km -2 ); P/B, production/ biomass ratio (yr -1 ); Q/B, consumption/biomass ratio (yr -1 ); EE, ecotrophic efficiency; P/Q, production/consumption ratio or gross efficiency; F, fishing mortality (yr -1 ); M2, predation mortality (yr -1 ); Mo, other natural mortality (yr -1 ); F/Z, exploitation rate; OI, omnivory index; NE, net efficiency; R/A, respiration/assimilation ratio; FD, flow to detritus (t km -2 yr -1 ). The "input" EwE estimated parameters are in bold. zilian cod, long beard grenadier, squid, large demersal fishes, demersal fishes and crab. This means that the biomasses produced by these species are highly utilized by other organisms in the system, calling for caution in management (conservative levels of exploitation) for these species in an ecosystem-based context. The total biomass in the system, excluding detritus, is 64.332 t km -2 . The relative ascendency (A/C) (49.1%) indicates a high capacity of the system to withstand changes and to recover from disturbance. This high level of ascendency (and implied resilience) is probably related to the high level of omnivory of all compartments of this ecosystem.
Within EwE, network analysis uses two indices that are used to identify keystoneness of species or functional groups. In this model, both indices identified squid (1; 0.205) as the highest scoring species in the system followed by polychaetes (0.88; 0.1), Argentine hake adult ( The mixed trophic impact analysis (Ulanowicz and Puccia 1990) shows that groups that are more negatively impacted by fisheries are skates, demersal sharks, red porgy and searobin. In addition, Argentine hake adult, pink cusk-eel, squid, predator molluscs and polychaetes have a strong negative effect on some other groups. Skates and sharks are probably strongly affected because they have a low biomass, slow growth and reproduction, and high level of discards. Red porgy and searobin support important fisheries, and according to Rossi-Wongtschowski et al. (2006) and Cergole et al. (2005) , respectively, they are overexploited, although there are no direct assessments of the status of these stocks.
DISCUSSION
The southeastern Brazilian Bight outer continental shelf and upper slope biota is supported by detritus, which is consumed by benthic species, which in turn support benthivorous species. Squids, polychaetes, molluscs, demersal fishes and crustaceans in general are fundamental in this ecosystem, as they exhibit high interaction strengths in the food web, as indicated by the keystoneness indexes that are included in EwE. According to Paine (1966) and Mills et al. (1993) , keystone species are important because they structure the ecosystem, and despite their low biomass, their loss would precipitate many further extinctions through their many connections with another species in the food web. The keystoneness indexes examined here emphasize the dominant interacting species for this ecosystem, but many of them are invertebrates that have high biomass. It is not surprising that these groups are dominant and fundamental to the structure and functioning of this detritus-based system, but they should not be considered keystone species (or keystone functional groups) because their biomasses, abundances, or both, are somewhat high rather than low relative to their interaction strength. It is thus more useful to simply call them "strong interactors" or "dominant species" rather than "keystone species" as the Libralato et al. (2006) index rates them. Based on this distinction, we can consider squids, Argentine hake adult, pink cusk-eel, demersal sharks, demersal fishes and Synagrops sp. to be keystones if it is indeed true that these groups have a relatively low biomass in this system, as estimated (Fig. 3 ) Gasalla et al. (2007) also demonstrated the importance of the benthic community in the Southern Brazil Shelf Large Marine Ecosystem (continental shelf and slope), in which our study area is included, reinforcing the importance of detritus and organisms that help recycle energy and matter in this system. These authors discuss the existence of a large amount of nektonic organisms that feed mainly benthic invertebrates. Velasco (2004) and Velasco and Castello (2005) also described the demersal community of the southern Brazil continental shelf ecosystem as highly important.
In that case, however, he highlighted a pelagic species, the anchovy Engraulis anchoita, which was prominent in coupling demersal and pelagic sub-systems, eating benthic invertebrates and being prey of large fish predators, both demersal and pelagic. Gasalla et al. (2007) and Freire et al. (2008) showed that the Brazilian shelf ecosystems have low primary production. Freire et al. (2008) say "The northeast sub-region, the object of this study, is characterized by rocky substrates and low primary production due to the influence of the warm North Brazil and Brazil currents." Gasalla et al. (2007; page 31) reported that the estimated phytoplankton biomass is 0.5gC/m 2 /day and that this value decreases as the depth increases. Gasalla et al. (2007) also state that mean primary production is high because of the existence of a front vortex that causes high productivity events. In the area modelled here, however, detritus was clearly of primary importance to the benthic community. first highlighted the low primary production in South Brazil Shelf large marine ecosystem. Freire et al. (2008) analysed the East Brazil Shelf large marine ecosystem and pointed out that primary production in this area is lower than in the South Brazil Shelf large marine ecosystem and that almost 95% of this production goes directly to detritus. Gasalla et al. (2007) reported that most of the primary production goes to the substrate and is recycled via the invertebrate benthic community. When our present results are added to these previous studies on Brazilian shelf and slope ecosystems, the principal importance of detritus in these settings seems unequivocal.
The mean trophic level of catches is high (3.5) and similar to the mean trophic level of catches found by Velasco (2004) (3.37), Gasalla et al. (2007) (3.56) and Freire et al. (2008) (3.4) . These very high values are probably a characteristic of the Brazilian ecosystems and fisheries. The value of 3.5 corresponds to organisms of mid-trophic levels such as benthopelagic fishes and demersal fish in general. It occurs because catches in this ecosystem are still directed at top predators, almost in the same magnitude as crabs and shrimps, both of which are lower trophic level organisms.
The mixed trophic impact diagram shows prey competition for food, as was also observed by Antony et al. (2010) . This competition can also be observed in the high mortality of invertebrates in general, all of which are important prey, and of Argentine hake juveniles in particular. Also, the keystone species index shows that squid, polychaetes and different kinds of demersal fishes are very important prey in this system. Therefore, by integrating the strong relationships of the lower trophic level organisms with the information about the high amount of detritus and the low primary production, we can infer that this community is shaped strongly from the bottom up. This system has a high level of connections between its components, as is shown in the high values of connectance and omnivory. The organisms are strongly connected and have a high diversity of food (they are not specialists). Gasalla et al. (2007) also showed a high value for this index (0.23 and 0.337). Freire et al. (2008) Rocha et al. (2007) and Freire at al. (2008) are not as high as those of the present paper and those of Gasalla et al. (2007) , they are still high. Perhaps the high connectance among organisms in a system and high levels of omnivory are characteristic of tropical and subtropical waters, as can be observed in land ecosystems such as forests (Greenberg 1981 , Boedmer 1989 where the biodiversity is high. The high level of ascendency indicated for this system indicates a high capacity of the system to withstand changes and to recover from disturbance (Odum 1969 , Christensen 1995 and is probably related to the high level of omnivory of all compartments of this ecosystem High EE values indicated for some species reflects the consumption of large proportions of the production of these groups within the system . It can occur sometimes because the species are highly exploited in the system or because they experience a high level of predation. In this study the cutlassfish, with the highest EE, is heavily fished (also often discarded) and pursued by the sport fishery. Moreover, this species has undergone an increase in its catch in the last 15 years that is not well reported . Argentine hake, pink cusk-eel, Brazilian cod, squid and crab are highly consumed and fished in the system, being some of the most important resources in the demersal trawls , RossiWongtschowski et al. 2006 , Valentini and Pezzuto 2006 . Demersal fishes, large demersal fishes, large bentho-pelagic fishes, silver-rag driftfish, Synagrops sp. and longbeard grenadier are heavily consumed and are also important components in this system. These high EE values can indicate that these species are at risk and reinforce the calls by Cergole et al. (2005) , Rossi-Wongtschowki et al. (2006) and Valentini and Pezzuto (2006) for a suitable management plan for the fishery in this area.
The main difficulty in balancing this model was related to the low biomass of a few functional groups that were subject to high levels of consumption and exploitation. Several factors were involved. First, the biomass estimates were calculated from trawl surveys and this kind of sampling is suitable only for some groups and sizes, but not for all organisms in an ecosystem. Second, the trawl gear did not completely touch the bottom, so benthic fishes and invertebrates were able to escape during sampling. Benthic invertebrates can also escape from benthic samplers such as dredges and sleds. Third, various studies indicate that several of these species were overexploited prior to 2001, the year in which the data were collected (Valentini and Pezuto 2006) , thus indicating less biomass than is naturally supported by the system. This situation is very clear for benthic fishes, of which the most important are species of the genus Paralichthys, which support an important fishery and are also discarded. This group is clearly overexploited according to Cergole et al. (2005) . The benthic fish functional group was the most difficult to balance; it was necessary to considerably increase its biomass estimate, probably indicating that the population was not supporting the catches, i.e. implying biomass depletion in the model year.
Fisheries policy measures in Brazil are not very appropriate, and sometimes non-existent, allowing a "gold-rush" pattern for some resources after economic discovery (Velasco and Castello 2005) , as happened recently with the blackfin goosefish, which went from a discard to an overexploited species in less than 10 years (Valentini and Pezzuto 2006) . Despite the current policy shortcomings, this system is recovering from some disturbances because it has a high level of ascendency and overhead. These measures indicate the reserve and the capacity of the system to recover after a disturbance (Ulanowicz 1986 )-resistance and resilience. Despite the diversity, high indicated connectance, and high recovery capacity, this system is being highly impacted by fisheries due to their scale and efficiency, and because of the lack of strong catch controls. The lack of knowledge of the impacts on a system that is out of sight is allowing a loss of structure, function, and biodiversity. We strongly recommended that the policy and management of the fishery be improved, as suggested by Cergole et al. (2005) , Rossi-Wongtschowski et al. (2006) and Valentini and Pezzuto (2006) , and that increased investments be made in basic research.
CONCLUSIONS
Our modelling exercise indicated that the outer continental shelf and upper slope biological communities of the southeastern Brazilian Bight are shaped from bottom-up and are supported prominently by detritus, with a high diversity of detritus-supported species and high omnivory throughout the biological community. The demersal fishes are a key, highly connected link between the detritus-supported lower trophic levels and the biological communities of the upper water column, indicating that considerable caution is needed regarding the exploitation of demersal fish stocks from a broader ecosystem and social-ecological perspective. High levels of ascendency indicated by the constructed model, probably related to the high level of omnivory, may indicate that this system has a relatively high capacity to recover from disturbances, but it assumes that disturbances are non-catastrophic and subside. In contrast, unmanaged and uncontrolled fishing for demersal species has increased in this area over the last 20 years, and the scale of depletion and degradation will likely overwhelm the theoretical resistance or re-silience of this biological community and quickly lead to a considerably degraded ecosystem and diminished services. Immediate improvements are needed in the policy and management of the uncontrolled fisheries in this region, including explicit investments in the capacities for monitoring the status and integrity of stocks and whole biological communities, identifying and monitoring the social-ecological services they provide, fishing community commitment and enforcement, and management strategy development, evaluation, and adaptation. We strongly recommend the development of an appropriate management plan for the fisheries, in agreement with other researchers working in this area.
